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ABSTRACT 
 
It is becoming more and more important for 
engineering graduates to become aware that 
reliable performance of equipment depends not 
only on the implementation of general design 
principles but also on understanding of 
fundamentals of friction, wear and lubrication 
(Tribology). Many universities in engineering 
courses teach just basic principles of engineering 
and mechanical design. Some universities 
introduced in engineering design subjects elements 
of machine condition monitoring and friction and 
wear. Queensland University of Technology 
(QUT) went further and introduced initially an 
elective subject Tribology, and then a 
specialisation within BE Mechanical Degree on 
Engineering Maintenance with a unique structure 
of mechanical design subjects. This structure 
includes three subjects: Fundamentals of 
mechanical design; Design of mechanical 
components and machines; and Design and 
maintenance of machinery. In this paper the 
analysis is presented of teaching and learning 
approaches, benefits of the new structure and 
feedback from students. Some of the presented 
approaches are as follows: systematic teaching of 
Tribology, machine reliability machine condition 
monitoring, machine failure analysis (including 
Anticipatory Failure DeterminationTM, AFDTM, 
method), continuing projects (gearbox project in 
the second design unit and lubrication project in 
the third design unit). These innovative teaching 
approaches received overwhelming students’ 
support. The feedback from graduates indicates 
that they are much better prepared for engineering 
practice. 
1. INTRODUCTION  
Mechanical Design forms a backbone of 
Mechanical Engineering Degree. Different 
universities have different structure of Mechanical 
design units. Some universities introduce 
Mechanical design starting from simple machine 
components and progressing to machine design. 
Some universities deliver general machine design 
procedures, and then cover design of machine 
components. Many universities teach computer-
aided design as a stand alone unit or as part of 
mechanical design. Mechanical design brings 
together most fundamental and engineering 
subjects such as materials study, mechanics of 
solids, fluid mechanics, applied mechanics, 
dynamics, thermodynamics, etc. Machine design 
overlaps with machine reliability and failure 
analysis, machine condition monitoring (MCM). 
Teaching MCM at universities at undergraduate 
level is more the exception than the rule. Only 
universities that have academics specializing in 
MCM introduce elements of MCM in units like 
Dynamics or Industrial noise and vibrations. Some 
universities offer a Degree in Maintenance 
Engineering, or a minor in Maintenance 
Engineering as part of Mechanical Engineering 
Degree (e.g. Queensland University of 
Technology).  
When a machine is designed, an engineer has to 
take decision on materials selection, heat and 
surface treatment for interacting surfaces, lubricant 
selection, tolerancing, maintenance and condition 
monitoring procedures. Many of these items fall 
under the definition of Tribology, which studies 
friction, wear and lubrication. 
There are many examples of useful and harmful 
application of friction between contacting surfaces. 
For example, vehicles cannot move if wheels do 
not have a good grip with the road. Some vehicles 
even have traction control systems. In the 
meantime friction in machines results in energy 
losses, reduced efficiency, parts wear and failure. 
Text books on Mechanical design give very 
fragmented coverage of these topics despite its 
importance. Stolarski [1] states “This subject, and 
indeed the concept of transferring forces from one 
surface to another when the two surfaces are 
moving relative to one another, is neither properly 
recognised as such nor taught, except as a special 
subject under the heading friction and lubrication. 
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The interaction of contacting surfaces in relative 
motion should not be regarded as a specialist 
subject because, like strength of materials, it is 
basic to every engineering design. ... 
...The term Tribology, apart from its collective 
character describing the field of friction, 
lubrication and wear, could also be used to coin a 
new word – tribodesign. ... 
...Thus, it can be safely concluded that 
tribodesign is an obvious, and even indispensable, 
brunch of machine design and, therefore, of 
mechanical engineering in general”. 
If an engineering graduate is not aware of all 
the essential aspects of tribodesign, it is difficult to 
expect quality design and optimum design when a 
machine performs reliably and trouble-free for 
many years. Despite the importance of tribodesign 
aspects in mechanical design it is not properly 
addressed in engineering courses. The School of 
Engineering Systems at Queensland University of 
Technology (QUT) has a long history of teaching 
Tribology as an elective unit and as part of 
Mechanical design, that resulted in overwhelming 
students’ support and introduction of a minor in 
Maintenance Engineering as part of Bachelor of 
Engineering, Mechanical Degree. 
In this paper experience gathered at QUT in 
teaching Tribology as well as teaching approaches 
and teaching and learning resources are discussed. 
2. APPROACHES TO TEACHING 
TRIBODESIGN AT QUT 
Mechanical design is highly practical subject and 
most universities include a design project in a 
curriculum. In most cases the design project is a 
stand alone unit. At QUT a different structure of 
design units and design projects is used to reflect 
the necessity of teaching tribodesign and the 
development of practical skills. Tribology is 
available at QUT as an elective unit. Since 2004 
different sections of Tribology are introduced in 
Mechanical design units described below, and the 
team teaching is used to deliver different modules. 
 
2.1 Structure of Mechanical Design Units 
 
In the School of Engineering Systems at QUT 
mechanical design is taught in three core units with 
the following design projects that are an integral 
part of the design units: 
• MMB281 Fundamentals of Mechanical 
Design. 
Design project: Design and Build Competition 
• MMB381 – Design of Mechanical 
Components. 
Design project: Gearbox design. 
• MMB382 – Design and Maintenance of 
Machinery. 
Design project: Lubrication project (extension 
to gearbox design project). 
 
The content of these units is as follows: 
 
MMB281 – Fundamentals of Mechanical Design: 
Introduction to mechanical design; System and 
functional approach to design; Design for 
sustainability and universal design; Concept 
development in design; Best concept selection; 
Review of creative problem solving 
methodologies; The Theory of Inventive Problem 
Solving (Ideation
 
/
 
TRIZ methodology); Detail 
design, fits and limits, surface roughness; Load 
analysis in design, Free-body diagram (FBD); 
Computational scheme in design; Modelling and 
simulation in design; Design for strength (review 
of stress computations for different load 
combinations); Determination of forces in gear 
trains; Shaft design code AS1403; Rolling bearing 
selection; Sliding bearing design. 
This unit is common for most degrees offered 
by the School, such as, Bachelor of Engineering, 
Mechanical; Bachelor of Technology, Mechanical; 
Bachelor of Engineering, Medical;, and from year 
2005 for Bachelor of Engineering – 
Infomechatronics. Students from other schools and 
faculties can take it as an elective. Problem 
statements for the Warman competition as devised 
by Engineers Australia, are developed for 
Mechanical Engineering students and do not reflect 
the nature of non-mechanical courses. From year 
2004 the School of Engineering Systems runs the 
Design and Build competition with a different 
problem statement. 
In the Design and Build competition students in 
teams of four or five design and construct a device 
to carry out a certain function. The winner is 
determined by the highest score calculated using a 
formula specified in the problem statement. At 
QUT the School of Engineering Systems 
introduced special assessment scheme to determine 
a part of the final mark for the unit, which 
represents the mark for the Design and Build 
competition, and the competition score is a part of 
the assessment scheme. This assessment scheme 
encourages development of several generic skills. 
The essence of the assessment scheme is as 
follows. 
The mark for the Design and Build Competition 
is worth 20% of the final mark for the Design unit 
and corresponds to 100 points. To reflect the 
assessment criteria the following breakdown is 
used: up to 5 points are given for Scrutineering 
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(one week prior to the competition. 5 points are 
given only if the device is compete and fully 
operational). 8 points for meeting specification 
requirements (zero if the device does not meet 
specification requirements). Up to 15 points for 
engineering design (originality of the concept, use 
of materials, minimum weight, manufacturability, 
combination of functions). Up to 15 points for 
construction quality and appearance of the device. 
Up to 35 points for the performance of the device. 
Top mark 35 is given to the winning team, other 
teams get the mark proportional to their score. Up 
to 14 points are given for written report that each 
team submits after the competition. The report 
includes problem definition, idea generating, 
concept development, design and calculations, 
modelling, tuning of the device. Up to 8 points are 
given for assembly drawing of the device 
according to Australian standards. The drawing has 
to show the machine assembled, complete with all 
parts and sub-assemblies identified. 
This arrangement facilitates the development of 
different generic skills. First of all students put to 
practical use skills gained studying the first Design 
unit. They apply problem-solving skills to 
conceptual development of the device. At QUT 
about 10 problem-solving methods are 
systematically taught in the first Design unit, 
including the Ideation
 
/
 
TRIZ methodology. 
Students also improve team-building and 
interpersonal skills. The necessity to write the 
report encourages them to develop information, 
communication and presentation skills, including 
oral, written and graphical. Students choose team 
members themselves. Often students from different 
countries and cultural background form a team. It 
is also common for students enrolled in different 
Degrees to form a team (e.g. Mechanical and 
Medical Engineering). This gives them an 
opportunity to work in a multicultural and multi-
skilled team. In terms of tribodesign, students have 
to choose materials to meet design constraints (e.g. 
minimum weight, special friction properties to 
bring the device to stop, etc.). 
These new arrangements with teaching of the 
first Design unit and running the Design and 
Competition proved to be successful. Students get 
insight into design in general and into tribodesign 
in particular. This unit lays the foundation for 
further study in depth aspect of tribodesign in 
application to machinery design, lubrication, 
machine reliability and maintenance. 
MMB381 – Design of Mechanical Components: 
Materials selection for machine components; 
Fasteners; Shafts and associated parts; Gear trains 
design calculations; Drives with flexible elements; 
Cam design; Springs; Fundamentals of lubrication; 
Frames and housings, Machine components 
relationship; Clutches couplings and brakes; 
Design for manufacturability. 
An essential part of this unit is a gearbox design 
project that students carry out in a team of two or 
three. Using Genius gearbox selection software 
from Bonfiglioli Reduttori (the Italian gearbox 
manufacturer), and from SEW Eurodrive, they 
select as a team the configuration of a drive for a 
given machine, and then for an individual 
operating conditions (individual for every student) 
they design a gearbox. Students carry out design 
calculations for gears, shafts bearings and also 
design housing for the gearbox. They also 
systematically study solid modelling software as 
part of the Design unit (e.g. Solidworks or Solid 
Edge) and produce a solid model of the gearbox, 
which has to be attached to the project report. An 
essential part of the tribodesign is selection of 
materials, methods of surface and heat treatment 
for major components such as shafts, gears and 
housings, selection of bearings, as well as 
recommendations for manufacturing methods. 
The benefits of this new arrangement are as 
follows. Early students’ exposure to gearbox 
selection software used by industry shortens the 
learning curve, gives them an understanding of 
possible conceptual solutions for the drive train 
from industry leading gearbox manufacturers 
before they design a gearbox themselves. 
Necessity to carry out a part of the project work as 
a team and the rest individually encourages the 
development of teamwork skills, communication 
skills and information literacy, especially when 
they have to work with catalogues and select 
standard components such as bearings, seals and 
fixtures. Development of the solid model of the 
drive train encourages students to put to practical 
use their solid modelling skills. This could hardly 
be achievable when solid modelling is taught as a 
stand-alone unit. Students select methods of 
lubrication and components of the lubricating 
system. ‘Real-life’ project makes them better 
prepared for working in industry (see students’ 
responses below). 
 
MMB382 – Design and Maintenance of 
Machinery: 
Design of equipment for specific application 
(mining, chemical, food processing equipment, 
materials handling, etc.); Fundamentals of friction 
and wear; Optimisation in design; Design for 
reliability; Risk assessment, Failure analysis and 
prediction (including the Anticipatory Failure 
DeterminationTM method (AFDTM), the use of 
fracture mechanics for reliability analysis; 
Machine condition monitoring; Styling and 
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ergonomics; Intellectual property; Quality 
assurance in design; Engineering ethics. 
An essential part of this unit is a project on the 
development of lubricating system, which is an 
extension to the gearbox design project that 
students carry out in the second Design unit 
MMB381. Students have to identify areas in the 
gearbox that require lubrication, discuss specified 
operating conditions and what impact they make 
on lubrication system, select lubricants and 
methods of their delivery. Students also have to 
recommend maintenance and condition monitoring 
system for the gearbox. To facilitate students’ 
study several interactive software packages are 
used. They are as follows: 
• SKF bearing selection software with 
recommendations on lubrication. 
• SEW Eurodrive gearbox selection software 
with recommendations on lubrication. 
• “i-Learn” software for interactive learning of 
vibration and machine condition monitoring 
(developed by Mobius Ltd). It has several 
modules including lectures, transmission 
modelling, signal processing, and case studies 
on machinery failure. 
• Innovative WorkBenchTM software based on 
TRIZ methodology for creative solving of 
engineering problems (developed by the 
Ideation International Inc., USA, 
http:\\www.ideationtriz.com). 
 
These software packages are available for students 
in the Design Studio during design tutorials and in 
computer classes. Team teaching is used to deliver 
different modules of the design units. Industry 
practitioners are engaged to teach solid modelling, 
health and safety, hazard and risk analysis. This 
enables to achieve the highest possible quality of 
teaching, role modelling and transfer of practical 
knowledge that one cannot find in most text books. 
 
MMB353 – Tribology: 
Origin and magnitude of dry sliding friction; 
surface characterisation; Wear types; Lubricant 
types; Additives in lubricants; Lubricant selection; 
Types of lubrication; Design of sliding bearings 
(thrust and journal) using fluid film theory; 
Lubrication of gears, rolling element bearings 
using elastohydrodynamic lubrication principles; 
Application of lubricants; Use of rapidly 
biodegradable lubricants; Case studies of industrial 
component failures. 
After studying some selected topics of 
tribodesign in Mechanical design units students 
have an opportunity to study tribology in depth. 
Tribology is available as an elective unit and is 
taken by about 1/3 of the third year cohort. It 
consists of a series of lectures, tutorial and 
laboratory sessions. The School of MMME has a 
wide range of tribology related equipment and 
students are encouraged to use it. Much of this 
equipment has been designed and built by students 
undertaking tribology projects either in groups or 
individually. Examples are journal bearing rig, seal 
testing rig, piston ring – cylinder liner lubrication 
test rig, wet clutch test rig, elastohydrodynamic 
lubrication rig. Some examples of test rigs are 
shown in Fig. 1 and 2. 
 
 
 
Fig.1 Wet clutch test rig 
 
 
 
Fig.2. Lubrication test rig 
(Wire on drum test rig) 
 
In the Design Studio numerous sectioned 
gearboxes from leading car and gearbox 
manufacturers are put on display to enable students 
to see examples of design and examples of 
different lubrication systems (see Figures 3 – 5). 
 
 
 
Fig.3. Sectioned gearboxes from BMW, SEW 
Eurodrive, MEN Trucks 
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Fig.4. Tiptronic gearbox from BMW 
 
 
 
Fig.5. Manual gearbox from BMW 
 
The Machinery Fault Simulator developed through 
students’ projects (see Fig.6) enables modelling of 
different mechanical faults including oil whirl 
phenomenon in sliding bearings. 
 
 
 
Fig.6. Machinery Fault Simulator 
 
2.2 Teaching and learning resources 
 
A variety of teaching and learning resources have 
been developed and made available for students to 
support teaching of Tribodesign and Mechanical 
Design at QUT. They include: 
• Course notes for all three design units [2], that 
are available from the Design Web-site and 
until 2002 were available in hard copy from 
QUT bookshop (V. Kosse, 2000). 
• Course notes and PowerPoint slides for the 
modules on Fundamentals of lubrication and 
Fundamentals of friction and wear (D. 
Hargreaves, 2001) that are available from the 
Design Web-site, [3]. 
• A book [4] on fundamentals of lubrication D. 
Hargreaves, 1995), is available from QUT 
bookshop. 
• The Web site of the Department of Industrial 
Relations of Queensland Government with 
standards on OH&S and Risk Analysis 
(http://www.whs.qld.gov.au/advisory/index.htm). 
• Design standards (SAA HB6 – 1991) in hard 
copy that are available for students in the 
Design Studio. 
• Standards on technical drawing (SAA HB6 – 
1991) that are available for students in the 
Design Studio. 
• Access to Australian Standards online from the 
Design Studio. 
• Hard copies of catalogues from gearbox 
manufactures as well as on-line catalogues. 
• Tutorials on different design and tribodesign 
topics with solved examples that are available 
for students from the Design Web-site. 
• The Design Studio with numerous 
demonstration and test rigs, posters and 
networked computers that provide access to 
on-line teaching facilities. 
• Fluid
 
/
 
Tribology laboratory with test and demo 
rigs that are used both for teaching and 
research. 
• PhD and Masters Thesis, research and final 
year project reports. 
• Textbooks on mechanical design, tribology 
and lubrication that are available for the QUT 
library. 
 
These teaching and learning resources provide a 
variety of resources for flexible delivery of 
mechanical design in general, and tribodesign in 
particular. 
3. BENEFITS OF APPROACHES USED 
The structure of Mechanical design units at QUT, 
teaching approaches used provide many benefits, 
in particular: 
• Teaching of tribodesign as part of mechanical 
design gives students understanding of 
importance of addressing these issues to ensure 
reliable machinery operation. 
• Team teaching engaging highly experienced 
academics and industry practitioners provides 
good example of role modeling and practical 
knowledge transfer that one cannot gain from 
text books. 
• Numerous demonstrational and test rigs in the 
Fluid
 
/
 
Tribology laboratory and in the Design 
Studio give students examples of practical 
tribodesign solutions. 
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• Interactive software packages provide early 
students’ exposure to the state-of-the-art 
tribodesign solutions from industry leading 
companies and shorten the learning curve. 
• Continuing and group projects with individual 
component encourage students to put to 
practical use knowledge on tribodesign gained 
during lectures and tutorials. 
• A systematic teaching of tribodesign at the 
undergraduate level prepares students for post 
graduate courses and also makes them well 
prepared for engineering practice. 
 
Two feed-back students’ responses show students’ 
appreciation of highly practical approach in 
delivery of design and tribodesing at QUT, units 
structure and teaching approaches used. 
No. 1 
 
“I am writing to give some feedback on design units. 
I have found the units mmb381/mmb382 to be 
the best learning experiences of the units I have 
covered at university. 
MMB381 was good as it incorporated the 3D 
modeling of Solidworks, which I have found to be a 
very useful tool. The gearbox design project, which 
involved 3d modeling, was very interesting and a 
'real life' project. On work experience this year I 
received a similar project which required 
recommending a gearbox specification for a given 
power requirement of a coal conveyor. 
MMB382 was useful as we were able to 
continue on our gearbox design project from the 
previous unit and develop a lubricating system. 
Industry visits to the Safety department also gave 
us a very strong message on the necessity of 
workplace safety. 
I have enjoyed the integration of many fields 
and people in these units as we usually just cover 
one topic in other units. On top of these additional 
fields I have found the core topics covered to have 
given us a good understanding of mechanical 
components.” 
 
No. 2 
 
“I have just completed a 12 month (paid) work 
experience contract with Holden Ltd in Melbourne 
as a student mechanical engineer. I was assigned 
to Powertrain Reliability section... 
I would like to say I found both design subjects 
1 and 2 highly beneficial to the work I carried out 
during my time at Holden. I especially found the 
gearbox project for the 2nd design unit gave me a 
good grounding in both how the power is 
transmitted through the gearbox but also why and 
how certain design decisions are made. I have just 
begun design and maintenance of machinery and 
this is highly relevant to the work I was performing 
at Holden. I believe to produce good engineers the 
university needs to take a more practical focus as I 
found I relied more heavily on the practical - "real 
world" application, which design courses at QUT 
address.” 
 
As is seen from students’ E-mails, they appreciate 
‘real-life’ design projects and highly practical 
focus in teaching of Mechanical Design and 
Tribology at QUT. Students’ evaluation of design 
units has been very encouraging with average 
marks above 4.5 out of 5. 
 
4.   CONCLUSION 
 
In this paper approaches to teaching of Tribology 
as an elective unit or as part of Mechanical design 
at QUT have been discussed. It was shown that 
students gain understanding of the importance of 
tribodesign in reliable machine operation. Highly 
practical approach in teaching tribodesign, the use 
of teaching resources for flexible delivery, 
continuing real-life projects, sessions in the Design 
studio and Fluid
 
/
 
Tribology laboratory make 
students well prepared for engineering practice. 
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